Materials and Methods:
To determine the role of canonical Notch signaling during joint development and maintenance in vivo, we generated Notch loss-of-function conditional mutant mice using Rbpjk floxed alleles in combination with the Prx1Cre transgene to specifically remove Notch activity in skeletal progenitors of the limbs (Prx1Cre; Rbpjk f/f mice). Lineage tracing analyses using Prx1Cre transgenic and Rosa26Reporter (R26R) mice were performed to identify the specific cells targeted. We performed whole skeletal staining, micro-CT imaging, histology, in situ hybridization (ISH), immunohistochemistry (IHC), and polarized light microscopy to assess articular cartilage, subchondral bone, and meniscus and ligament changes during joint development and maintenance using the hindlimbs isolated from E14.5, E18.5, 2-week, 2-month, 4-month, and 8-month old mice. The University of Rochester Committee on Animal Resources approved all protocols.
Results:
We present here the first evidence demonstrating that the RBPjk-dependent Notch signaling pathway is critical for the regulation of postnatal articular cartilage and joint maintenance, but is not required for early synovial joint formation. Lineage tracing analyses using LacZ stained frozen sections from Prx1Cre; R26R mice demonstrated that the Prx1Cre transgene targets all mesenchymal derived tissues within the knee joint including: articular and growth plate cartilage, subchondral bone, synovium, joint capsule, and tendons/ligaments of both the embryo and adult skeleton. Whole skeletal staining, histological, ISH, and IHC analyses of Prx1Cre; Rbpjk f/f mice at E14.5 and E18.5 revealed no overt changes to synovial joint formation, while growth region cartilages showed significant delays in chondrocyte maturation. By 2-weeks of age the Prx1Cre; Rbpjk f/f mutant mice exhibit delays in the formation of the secondary center of ossification and separation of the articular cartilage from the growth plate cartilage with continued delays in growth plate cartilage maturation as assessed by histology and ISH. Micro-CT analyses at 2-months, 4-months, and 8-months of age demonstrated an early increase in mineralization in both the subchondral and trabecular bone regions that is followed by a progressive loss of bone. Additionally, Prx1Cre; Rbpjk f/f mutant mice developed osteophytes and excessive mineralization of the menisci as compared to littermate controls. Histology, ISH, and IHC analyses of 2-month, 4-month, and 8-month old knee joint sections revealed that Prx1Cre; Rbpjk f/f mutants show early and progressive signs of OA. Analyses of alcian blue stained sections from mutant mice displays a progressive degeneration and fibrosis of the articular cartilage and menisci (f), subchondral bone sclerosis (*), osteophyte formation (Op), and synovial expansion (s) (Fig. 1) . By 8-months of age the mutant mice exhibit fibrillations of the articular cartilage and a loss of superficial and intermediate zone articular chondrocytes, as assessed by histology (alcian blue staining and alterations in tide-mark localization), ISH (progressive loss of Prg4 and Cilp expression), and IHC (Loss of Col2a1 immunoreactivity) analyses. Polarized light microscopy on all mutant and control adult knee sections further demonstrated a loss of normal collagen fibrils within the subchondral bone and articular cartilage ECM of Prx1Cre; Rbpjk f/f mutant mice. Furthermore, polarized light microscopic analyses of regions focused on areas of articular cartilage and meniscal fibrosis (no alcian blue staining) display a birefringence more reminiscent of subchondral bone than that of normal articular cartilage throughout all postnatal time-points analyzed. Finally, we performed histomorphometric analyses of stained knee sections using the OsteoMetrics imaging system with OsteoMeasure software. These analyses revealed statistically significant increases in subchondral bone areas coupled with dramatic decreases in articular cartilage areas during the progression of the disease in Prx1Cre; Rbpjk f/f mutant mice from 2 months to 8 months of age.
Discussion:
Our in vivo data demonstrate for the first time that RBPjkdependent Notch signaling is critical in maintaining postnatal articular cartilage and joint maintenance, but is dispensable for the formation of synovial joints during embryonic development. Since OA is viewed as a disease of the entire joint, we first took the approach of removing Rbpjk floxed alleles using the Prx1Cre transgene that targets a variety of mesenchymal cell types within the joint (articular cartilage, subchondral bone, synovium, ligaments, etc…). Loss of RBPjk-dependent Notch signaling in these cells results in many of the same hallmark features observed in OA including: articular cartilage degeneration, subchondral bone sclerosis, osteophyte formation, and synovial expansion, while articular cartilage and meniscal fibrosis has not been prominently described in the literature or other genetic or injury induced models of OA. This may represent a unique feature to this genetic model and requires further research to identify the exact molecular underpinnings responsible for the phenotype. Furthermore, since multiple Notch signaling components are detectable in many of the tissues targeted by the Prx1Cre transgene, it remains to be determined precisely which Notch signaling cells are responsible for maintaining a normal morphological and functioning joint. Continuing studies are aimed at developing in vitro models of articular cartilage maintenance to study the effects of Notch inhibition on articular chondrocyte differentiation. A variety of tissue and cell specific inducible Cre transgenic mice are also being utilized to determine the dominant cell type responsible for maintaining the articular cartilage phenotype and normal joint homeostasis. 
